The etiology of myelodysplastic syndromes (MDS) is not well understood. The authors examined the relations of obesity and lifestyle factors to MDS in a cohort of 471,799 persons aged 50-71 years who were recruited into the National Institutes of Health-AARP Diet and Health Study, a large US prospective study, in -1996 . Incident MDS was diagnosed in 193 persons during 2001 -2003 . A significant positive association was observed between body mass index (BMI; weight (kg)/height (m) 2 ) at baseline and MDS. Compared with persons with a BMI less than 25.0, the hazard ratios for persons with BMIs of 25.0-<30.0 and 30.0 were 1.15 (95% confidence interval (CI): 0.81, 1.64) and 2.18 (95% CI: 1.51, 3.17; P for trend < 0.001), respectively. The association was not affected by physical activity, cigarette smoking, or alcohol intake. As reported in previous studies, the risk of MDS was elevated among former smokers (hazard ratio ¼ 1.68, 95% CI: 1.17, 2.41) and current smokers (hazard ratio ¼ 3.17, 95% CI: 2.02, 4.98) as compared with never smokers. Physical activity, alcohol consumption, meat intake, and fruit and vegetable intake did not appear to significantly influence the risk of MDS in this analysis. This prospective investigation of MDS implicates both obesity and smoking as modifiable risk factors. life style; myelodysplastic syndromes; obesity; smoking Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio; MDS, myelodysplastic syndromes; NIH, National Institutes of Health; RAEB, refractory anemia with excess blasts; SEER, Surveillance, Epidemiology, and End Results.
Myelodysplastic syndromes (MDS), a group of clonal disorders of the hematopoietic stem cell, are characterized by ineffective hematopoiesis and frequent (~30%) progression to acute myeloid leukemia (1) . MDS are most common among the elderly, and the 3-year survival rate is only 35% (2) . Data from the Surveillance, Epidemiology, and End Results (SEER) Program indicate that the risk of MDS increases with age, and approximately 86% of MDS cases are diagnosed in persons aged 60 years or more (median age at diagnosis, 76 years) (2) . Men have a significantly higher incidence rate than women (4.5 per 100,000 person-years vs. 2.7 per 100,000 person-years). Among racial groups, whites have the highest incidence rate. In 2003, approximately 10,300 incident cases of MDS were diagnosed in the United States (2) .
The etiology of MDS is not well understood, although roles for chemotherapy and/or radiation therapy, certain genetic disorders, smoking, and exposure to solvents and pesticides have been indicated (3) . Previous studies have all been of the case-control design and therefore may not have been ideal for investigation of lifestyle factors potentially affected by the disease and its prevalent symptoms (e.g., fatigue and possible weight change). Although adiposity has been linked to an increased risk of several cancers, including hematologic malignancies such as leukemia (4), non-Hodgkin lymphoma (5) , and multiple myeloma (6, 7) , an association with MDS has not previously been reported.
Our aim in the current analysis was to explore the relations of obesity and other lifestyle factors, including smoking, physical activity, alcohol consumption, and diet, to MDS in a prospective cohort study. The National Institutes of Health (NIH)-AARP Diet and Health Study is a collaboration between the NIH and AARP (formerly the American Association of Retired Persons) that involves over 560,000 men and women across the United States. The large size of the cohort and the older age of the participants provided us with a unique opportunity to evaluate the etiology of MDS prospectively.
MATERIALS AND METHODS

Study population
The NIH-AARP Diet and Health Study has been previously described in detail (8) . Briefly, the study was established in 1995-1996 by recruiting AARP members aged 50-71 years who resided in 1 of 6 US states (California, Florida, Louisiana, New Jersey, North Carolina, and Pennsylvania) or 2 metropolitan areas (Atlanta, Georgia, and Detroit, Michigan). A self-administered questionnaire eliciting information on demographic characteristics, dietary intake, and health-related behaviors was mailed to participants. Out of 617,119 questionnaires returned, a total of 567,169 (92%) subjects satisfactorily completed the questionnaire and agreed to participate in the study (8) . The study was approved by the Special Studies Institutional Review Board of the National Cancer Institute.
For the current analysis, we excluded subjects who had duplicate representation (n ¼ 179), moved out of 1 of the 8 study areas before returning the baseline questionnaire (n ¼ 321), died before study entry (n ¼ 261), withdrew (n ¼ 6), had the questionnaire completed by a proxy respondent (n ¼ 15,760), had a history of cancer before study entry (n ¼ 51,205), were identified as having cancer through death reports only (n ¼ 3,890), or had extreme values for energy intake (more than 3 interquartile ranges outside the 75th and 25th percentiles of log-transformed energy intake; n ¼ 4,181). We further excluded participants with missing height or weight data (n ¼ 12,051) or extreme values for BMI (more than 3 interquartile ranges outside the 75th and 25th percentiles of log-transformed BMI; n ¼ 3,872). A total of 3,644 persons with a BMI less than 18.5 were also excluded out of concern about disease-related weight loss, similarly to what was done in a previous analysis of data from the NIH-AARP Diet and Health Study (9) . Our final analytic cohort consisted of 471,799 persons (283,604 men and 188,195 women; 83% of the 567,169 subjects who satisfactorily completed the baseline questionnaire).
Ascertainment of cases
In the NIH-AARP Diet and Health Study, vital status was ascertained through linkage of the cohort to the Social Security Administration Death Master File, follow-up searches of the National Death Index Plus for participants who were matched to the Death Master File, cancer registry linkage, questionnaire responses, and responses to other mailings. Follow-up time extended from study baseline (1995) (1996) to the date of death (ascertained by the National Death Index or the Death Master File), diagnosis of incident MDS, relocation out of the registry ascertainment area, or December 31, 2003, whichever was earliest. Of all the subjects included in this analysis, 4.4% relocated out of the registry ascertainment area.
In the NIH-AARP cohort, incident cases were identified through linkage with state cancer registry databases. A validation study showed that approximately 90% of all incident cancer cases in the NIH-AARP cohort were identified using linkage to cancer registries (10) . Having long been viewed as preleukemic disorders, MDS are now considered malignant due to their clonal nature (International Classification of Diseases for Oncology, Third Edition, behavior code change from ''1'' (uncertain whether benign or malignant) to ''3'' (malignant) (11) ) and have been reportable to the SEER Program since 2001. Eight International Classification of Diseases for Oncology, Third Edition, codes are used to identify MDS in the SEER Program: 1) 9980-refractory anemia; 2) 9982-refractory anemia with ringed sideroblasts; 3) 9983-refractory anemia with excess blasts (RAEB) (including RAEB under the French-American-British classification (12) and both RAEB-1 and RAEB-2 under the World Health Organization recommendation (13, 14) ); 4) 9984-RAEB in transformation (RAEB-t); 5) 9985-refractory cytopenia with multilineage dysplasia; 6) 9986-MDS associated with 5q deletion; 7) 9987-therapy-related MDS; and 8) 9989-MDS not otherwise specified. Linkage with registry files from 2001-2003 resulted in a total of 193 incident cases of MDS (137 men, 56 women). Since the morphologic feature of RAEB-t is considered similar to that of acute myeloid leukemia (14) , we conducted analyses with and without the inclusion of RAEB-t cases (n ¼ 4). None of the MDS cases were identified through death reports only; that is, among the 3,890 persons who were excluded from the current analysis because they were identified as having cancer through death reports only, none had MDS.
Data collection and statistical analysis
In this analysis, we were mainly interested in obesity and other lifestyle factors, including cigarette smoking, physical activity, alcohol consumption, and dietary intake (major food groups). We also included demographic variables (i.e., age, sex, race/ethnicity, and education) as potential confounders. From the baseline questionnaire responses on self-reported weight and height, BMI was calculated as weight in kilograms divided by height in meters squared. We grouped BMI into 3 categories-18.5-<25, 25-<30, and 30-which are consistent with the definitions of normal weight, overweight, and obesity proposed by the World Health Organization (15) . To further assess the role of adiposity, we also grouped BMI into 6 more refined categories (18.5-<25, 25-<27.5, 27.5-<30, 30-<32.5, 32.5-<35, and 35). We constructed a categorical smoking variable based on smoking status and usual dose: never smokers, former smokers who had smoked 1 pack/day or less, former smokers who had smoked more than 1 pack/day, current smokers who were smoking 1 pack/day or less, and current smokers who were smoking more than 1 pack/day. Participants were also categorized as never smokers versus ever smokers (those who had smoked 100 or more cigarettes during their entire lives as of baseline), as well as never, former, and current smokers. Additional variables of interest included vigorous physical activity (activity that lasted 20 minutes or more and caused either increases in breathing or heart rate or working up a sweat; 3 times per month, 1-2 times per week, or 3 times per week), alcohol consumption (persons who never drank vs. those who drank, in tertiles (drinks/ day)), total meat intake (g/day), and fruit and vegetable intake, excluding white potatoes (servings/day). Intakes of meat, fruit, and vegetables were adjusted for total energy intake (calories/day) with the density method (16) and then classified into tertiles based on the distributions in the entire cohort.
To maintain a relatively large sample size, we grouped participants who had missing values for smoking, physical activity, or educational level in a separate category rather than excluding them. To evaluate the impact of this analytical strategy, we conducted sensitivity analysis by excluding participants who had missing values for any of these variables and comparing the results with those derived from analyses including participants with missing values.
Multivariable-adjusted hazard ratios and 95% confidence intervals were estimated using Cox proportional hazards regression with follow-up time as the underlying time metric. Using age as the underlying time metric in models led to essentially the same results. We tested for the proportional hazards assumption by plotting Schoenfeld residuals versus time, and the patterns appeared random, suggesting no deviations from the assumption. All multivariate models included adjustment for sex, age at baseline (continuous), race/ethnicity, education, and total energy intake. An additional model included BMI, smoking, and physical activity simultaneously. Tests for trend were performed by modeling categorical variables as ordinal variables. To examine possible effect modification of the BMI associations by sex, smoking, and physical activity, we conducted stratified analyses and compared models with and without interaction terms using likelihood ratio tests. To obtain a graphic illustration of the association between BMI and MDS, we used natural cubic splines, placing knots at the 2nd, 25th, 75th, and 98th percentiles of BMI, centering BMI at 21 and adjusting for covariates. All analyses were performed with SAS, version 9.1 (SAS Institute Inc., Cary, North Carolina). An a level of 0.05 was considered statistically significant, and all tests were 2-sided.
RESULTS
Baseline characteristics of the study participants are shown in Table 1 . Among the 471,799 participants, 35% had normal weight (BMI 18.5-<25), whereas 43% were overweight (BMI 25-<30) and 22% were obese (BMI 30). Heights were similar across different BMI levels. Obese participants were more likely to be male, less educated, and physically inactive, to not be current smokers, and to have higher energy and meat intakes and lower alcohol consumption.
A more than 2-fold increased risk of MDS was observed among obese participants (hazard ratio (HR) ¼ 2.18, 95% confidence interval (CI): 1.51, 3.17), and there was a significant positive trend for the relation between BMI and MDS when the 3 categories when modeled as an ordinal variable (P for trend < 0.001). Classifying BMI into 6 narrower categories or modeling BMI as a continuous variable generated further support for an association between BMI and MDS ( Table 2 ). The hazard ratio for persons whose BMIs were in the range of 25-<27.5 was hardly elevated. Compared with persons who had never smoked, both former smokers (HR ¼ 1.68, 95% CI: 1.17, 2.41) and current smokers (HR ¼ 3.17, 95% CI: 2.02, 4.98) had significantly elevated risks of MDS, with the highest risk being observed among current smokers who smoked more than 1 pack of cigarettes each day (HR ¼ 4.70, 95% CI: 2.68, 8.24) . When compared with physically inactive persons (vigorous physical activity 3 times per month), participants who reported engaging in vigorous physical activity at least 3 times per week had a significantly reduced risk (HR ¼ 0.68, 95% CI: 0.49, 0.95). Neither alcohol consumption nor fruit and vegetable intake nor total meat intake was associated with MDS ( Table 2) .
We further evaluated the association between BMI and MDS by adjusting simultaneously for physical activity and smoking. The estimated hazard ratio for obesity was almost the same and still statistically significant, and the positive trend for the relation between BMI and MDS persisted. Smoking remained a significant risk factor for MDS, and the magnitude of association was also extremely similar. The protective effect for engaging in vigorous physical activity at least 3 times per week was attenuated and became nonsignificant (HR ¼ 0.83, 95% CI: 0.59, 1.16). Analysis of BMI on a continuous basis with natural cubic splines suggested that the increased risk of MDS was mostly apparent among persons who were obese (BMI 30) and appeared to plateau around BMIs of 34-35 (Figure 1) . A likelihood ratio test comparing the model with BMI as a continuous variable and the spline model yielded a P value of 0.16.
Subgroup analyses in which results were stratified by sex, smoking, and physical activity showed that obesity was associated with MDS in both males and females and in both smokers and nonsmokers, as well as persons with different levels of vigorous physical activity (Table 3) . Likelihood ratio tests comparing the models with and without the interaction terms involving these variables all had P values greater than 0.5 (data not shown).
Excluding cases with RAEB-t (n ¼ 4) had no impact on the results (data not shown). When the analyses were restricted to 167 MDS cases who did not have any other cancer prior to the diagnosis of MDS, the changes in risk estimates were minimal and negligible (data not shown). Analyses excluding participants who had missing values for smoking, physical activity, or educational level generated essentially the same results (data not shown). Inclusion of participants who had been excluded because they had a BMI less than 18.5 (n ¼ 3,644) also had no impact on the results (data not shown).
DISCUSSION
To our knowledge, this study was the first to prospectively evaluate the relation between various lifestyle factors and MDS. A more than 2-fold increased risk of MDS was observed among persons who were obese, and there was a significant trend for the relation between BMI and the risk of MDS. Subgroup analyses stratified according to sex, smoking, and physical activity did not provide evidence for possible modification of the BMI-MDS relation by those variables. Given that MDS are malignancies with a poor prognosis and a probably increasing incidence in the United States (2) and given that a substantial proportion of the US adult population is obese (17) , this finding has important implications.
This study confirmed the previously reported association between cigarette smoking and MDS (18) (19) (20) (21) (22) . Our analysis showed that current smokers had a higher risk than former smokers, and heavy smokers had a higher risk than light smokers. The relation of alcohol consumption to the risk of MDS has been assessed in several studies, with conflicting results. Overall, the consumption of alcoholic beverages did not appear to affect the risk of MDS (23) (24) (25) , which is consistent with our finding. However, in a recent casecontrol study, Strom et al. (19) found that moderate consumption of wine was associated with a significantly decreased risk of MDS in both sex groups and across all French-American-British subtypes. In addition to assessing the role of alcohol consumption, we also evaluated wine intake specifically but found no significant association (data not shown). Given the relatively small numbers of cases included in the previous studies and in the current analysis, more research is needed to clarify the role of alcohol consumption in general and wine intake specifically. In this analysis, physical activity, total meat intake, and fruit and vegetable intake did not appear to significantly influence the risk of MDS. Since these factors were not evaluated in previous studies of MDS, these null findings need to be interpreted with caution.
The mechanisms by which obesity could affect the pathogenesis of MDS are unclear. One potential causal pathway operates through elevated levels of insulin and insulin-like growth factor 1. A metabolic consequence of obesity is insulin resistance followed by an increase in insulin secretion. Insulin may promote tumorigenesis directly through insulin receptors in (pre)neoplastic target cells or indirectly by increasing levels of bioavailable insulin-like growth factor 1 (26) . Insulin-like growth factor 1 is involved in hematopoiesis and is mitogenic for myeloid cells; almost all normal and neoplastic hematopoietic cells express the insulin-like growth factor receptors (27) . Among older persons, weight at present and weight from 4 years prior have been reported to have a correlation of 0.92, while weight at present and weight from 28 years prior had a correlation of 0.71 (28) . The effect on hematopoiesis of obesity-related disruptions in the insulin-like growth factor 1 axis could persist over many years. In addition, myeloid precursor cells in the bone marrow have leptin receptors, and leptin plays an important role in the modulation of the innate immune response, inflammation, and hematopoiesis (29) . Leptin inhibits food Relative risks are modeled on a continuous basis using natural cubic splines. The reference point is a BMI of 21, with knots placed at the 2nd, 25th, 75th, and 98th percentiles of the BMI distribution. All results were adjusted for sex, age at baseline (years; continuous), race/ethnicity (non-Hispanic white vs. other), education (<12, 12-15, or 16 years), total energy intake (calories/day; continuous), smoking (never smoker, former smoker who smoked 1 pack/ day, former smoker who smoked >1 pack/day, current smoker smoking 1 pack/day, or current smoker smoking >1 pack/day), and physical activity (never, 3 times/month, 1-2 times/week, or 3 times/ week). Dashed lines, 95% confidence interval. . b HRs were derived from multivariate models that included sex, age at baseline (years; continuous), race/ethnicity (non-Hispanic white vs. other), education (<12 years, 12-15 years, 16 years, or unknown), total energy intake (calories/day; continuous), cigarette smoking, and vigorous physical activity.
intake and stimulates energy expenditure by acting on the appetite centers in the hypothalamic regions of the brain (30) . The abnormal level of circulating leptin and/or different sensitivity to leptin among obese persons could interfere with hematopoiesis over an extended period of time.
A major strength of this study was its prospective design, with BMI and other information being recorded at baseline prior to diagnosis-an approach that essentially precludes recall bias. The large size of the cohort generated enough cases, comparable to the number included in previous casecontrol studies, to make prospective analysis feasible. We missed incident cases arising during the earlier follow-up This study also had some other limitations. First, the findings are based on AARP members who were aged 50 years or older at baseline; results are not necessarily generalizable to younger persons. We note, however, that MDS occurs predominantly in older people (31) . The ages of the 193 MDS cases identified ranged from 57 years to 78 years (mean ¼ 71; median, 72). Second, as with many large epidemiologic studies, BMI in the current analysis was based on self-reported height and weight at the time of enrollment. In general, though, self-reported height and weight are quite accurate, with correlations between measured and selfreported BMIs typically being greater than 0.9 (32). It might have been useful to measure BMI at different ages or evaluate possible changes over time, but BMI at baseline, which was 5-8 years before the diagnosis of MDS, was probably relevant timewise. Third, although the number of MDS cases was sufficient for our primary analyses, risk estimates from some of the subgroup analyses were imprecise, as reflected by the wide confidence intervals presented in Table 3 . Fourth, we could not pursue analyses by MDS subtype because approximately half of the cases were categorized as having an unspecified subtype (consistent with SEER data (2) ) and the number of cases with identified subtypes was relatively small. Analyses focusing on MDS subtypes may become feasible with additional follow-up and case ascertainment.
Finally, since MDS did not become reportable to cancer registries until 2001 and MDS are more commonly diagnosed and managed outside of hospitals in comparison with other cancers, it is possible that some cases were not reported to cancer registries (3). If there was serious underreporting and the reasons for underreporting were related to the exposures of interest in this analysis, our findings might have been biased. On the other hand, there are multiple observations/factors that appear to alleviate the concern about possible underreporting. Our analysis of SEER data showed that the incidence of MDS in whites is consistent with what has been reported in European countries. MDS incidence based on SEER data remained relatively stable between 2001 and 2005 (the most recent year for which SEER limited-use data were available). If there had been serious underreporting when the disease had just become reportable, we might have seen a larger difference between the 2001 incidence and the 2005 incidence. Third, unlike diagnosis of some other hematologic malignancies such as myeloproliferative neoplasms, the diagnosis of MDS requires bone marrow tests, which makes it harder (though still possible, of course) for cases to be ''missed.' ' Our analysis suggests that obesity is significantly associated with an increased risk of MDS. Since our study is the first to have observed such an association, the finding needs to be confirmed in other well-designed studies. Further exploration of the mechanisms underlying an obesity-MDS link may provide additional insight into both the biologic effects of adiposity and the pathogenesis of hematopoietic malignancies.
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